Recently, the incorporation of transition metals into magnetite increasing the heterogeneous Fenton catalytic activity of magnetite with high efficiency and interesting magnetic properties applied for degradation of organic pollutants in water purification and wastewater treatment have attracted more and more researchers. In this review, using of one or some metal doped magnetite based systems in heterogeneous Fenton, or photo-Fenton processes are discussed. Then, the role of metal doped species for the enhanced efficiency of degradation process is presented. Finally, possible reaction mechanism for the photo-Fenton degradation pollutants in the present of metal doped magnetite is also given.
bio-method, chemical-physical method and so on. However, traditional biological methods can effectively treat wastewaters with high biodegradability ratio (BOD 5 /COD ≥ 0.4). In many industries, conventional treatment technologies cannot even produce effluents that meet water quality criteria and effluent limitation guidelines for recalcitrant pollutants [4] . In addition, traditional treatment techniques only succeed in contaminants transfer from liquid phase to solid phase which can cause second pollution. To effectively treat recalcitrant effluent, the scope should encompass degradation as well as mineralization of organic contaminants. That is conversion of probe molecule to its highest stable oxidation state: water, carbon dioxide, and the oxidized inorganic anions of any heteroatoms present, mainly to inorganic acids; or to more easily degradable molecules, that can be easily removed biologically. Accordingly, advanced oxidation processes (AOPs) are considered as powerful methods for degradation of these pollutants due to their ability for removing almost any organic contaminant [5] . AOPs are considered as water treatment processes at near ambient temperature and pressure that produce very active radicals for degradation of pollutants [6] . In water/wastewater treatment, AOPs generally refer to a group of processes that cover O 3 . These oxidation processes are cost effective technologies and give rise to non-selective active species that oxidize a wide variety of non-biodegradable compounds [7] . AOPs have been used at various scales for overall organic content (COD) reduction, specific pollutant destruction, sludge treatment, increase of bioavailability of recalcitrant organics, destruction of micropollutants and color and odour removal [8] [9] . However, there are some disadvantages for the application of the traditional homogeneous Fenton and photo-Fenton process, including the requirement of low pH, a significant amount of ferric hydroxide sludge formed in the course of homogeneous Fenton treatment, high leaching ion iron in solution and difficult to separate catalyst after reaction [10] . The heterogeneous photo-Fenton reaction can solve the problem of eliminating and reusing e from the reaction system at the end of the process, but the separation of the solid phase is still a remaining issue [11] .
The separation problem is even more important in the case of oxide nanoparticles, which are potentially more reactive because of the favorable surface-to-volume ratio. From this point of view, the fact that magnetite undergoes very easy magnetic separation from aqueous systems makes it a very interesting material to be tested for photo-Fenton reactivity. Recent studies demonstrate that magnetite is the most effective heterogeneous Fenton, photo-Fenton catalyst as compared to other iron oxides, possibly because it is the only one that has Fe 2+ in its structure to enhance the production rate of OH radical [12] . Moreover, its interesting magnetism leads it easy to be separated from the reaction system In this work, we give a mini review about using of some currently metal doped magnetite based systems in heterogeneous Fenton, or photo-Fenton processes for degradation of pollutants. Then, the role of metal doped species for the enhanced efficiency of degradation process is discussed. Finally, possible reaction mechanism for the photo-Fenton degradation pollutants in the present of metal doped magnetite is also given. 
Fenton Process

Photo-Fenton Process
Heterogeneous photo-Fenton process is combination of 
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The photo-Fenton process was reported as more efficient than Fenton treatment. In some cases, use of sunlight instead of UV irradiation reduced the costs [21] . However, this offers a lower degradation rate of pollutants. Acidic conditions (about pH 3) were also reported to be favorable and this may be mainly due to the conversion of carbonate and bicarbonate species into carbonic acid, which has a low reactivity with hydroxyl radicals [22] .
In the case of conductor catalyst, the reaction mechanism can be proposed as following:
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Regenerated Fe 3+ will take place the reaction to form Fenton reagents leading to more •OH can be produced [23] as showed in Figure 1 .
Metal Doped Fe3O4 Based Catalysts
It is recently reported that Fe 3 O 4 is the effective heterogeneous Fenton, photo
Fenton catalyst for removal contaminants in wastewater treatment [24] . The magnetite ability to promote photo-Fenton reactions even under circum neutral pH conditions, the limited iron leaching and its easy magnetic separation makes magnetite a promising catalyst in wastewater treatment applications. In addition, magnetite can be synthesized in the laboratory by various biotic and abiotic [25] , ball mill method [26] , polydiallyldimethylamonium chloride method [27] , co-precipitation, emulsion method [28] , solvothermal [29] , etc. For example, iron oxide nanoparticles, with size ranging from 50 to 100 nm, were synthesized by a solvothermal method [11] .
The samples with magnetic properties consisting of magnetite ( ) with magnetite catalysts (Figure 2 ).
However, using magnetite in the Fenton, photo-Fenton processes are still limited due to its drawbacks such as a low relative magneticity, poor dispersibility, limited adsorption properties, and low catalytic activity [30] [31]. To come out some of disadvantages of pure magnetite, amount of routes has studied extremely as synthesis with controllable size, morphology, shaped or composite with other materials or non-metal or metal doping. In these routes, metal element doping is reported to be a promising approach due to interesting properties of products.
Metal Doped Fe3O4 Based Catalysts for Fenton, Photo-Fenton Degradation
Recently, studying on metal doped magnetite based catalyst has paid more and Figure 2 . Using magnetite in the photo-Fenton degradation of diphenhydramine [11] . Figure 3 ). A series of Mn doped magnetite was showed the enhanced efficiency in photo-Fenton degradation of MB compared to non-doped magnetite ( Figure 4 ). It is noted that magnetite doping 1% Mn has higher catalytic capability than that of 10% [34] .
From the fact that in most natural cases, more than two kinds of metals are simultaneously introduced into magnetites in geological processes so studies on the influence of co-substituting metals on the structure and properties of magnetite, especially the surface reactivity and catalytic activity have been conducted widely [35] . The application of V-Ti co-doped magnetite in heterogeneous Fenton reaction showed that the incorporation of Ti 4+ and V 3+ can greatly enhance UV-Fenton catalytic activity of magnetite during the MB decolorizaition [36] . Figure 6 .
Magnetite is a semiconductor with a narrow band gap (0.1 eV) and shows a very high conductivity with almost metallic character which is important for electron transport. Metal doping in magnetite is also expected as reactor for controllable synthesis of magnetite which the metal doped present can be change chemical and physical properties of initial magnetic leading to enhance catalytic activity. Our previous showed that diffusion of Zn into crystal Fe 3 O 4 can form new magnetite exposing interesting properties as optical absorption spectra, area surface and unique structure, resulting in higher capacity of photo-Fenton degradation of pollutants [40] . Recently, Hongping He reported that Cr substitution greatly increases the catalytic activity of magnetite in the heterogeneous Fenton reaction, but its enhancement extent depends on the chromium substitution level [33] . The catalytic activity relies on the octahedral cations rather than the tetrahedral ones, as the octahedral sites are almost exclusively exposed at the surface of the spinel structure (as Figure 7) . The obtained novel insights on role of metal doped species are of high importance for the designed synthesis as well as the utilization of substituted magnetite in the field of wastewater treatment.
Reaction Mechanism
From recent reports in literature on the transition metal oxide promoted H 2 O 2 decomposition in the absent of light, a possible reaction mechanism can be proposed. The H 2 O 2 decomposition in participate of doped metal is take place by two possible reaction pathways [41] : 1) the surface oxygen vacancies (Va surf ) mechanism and 2) the radicalar mechanism. In the first route, a H 2 O 2 molecule will be actived by oxygen vacancy on the oxide surface participates to form O 2 (Equations (19) and (20) 
The radical mechanism will be initiated by a reaction of H 2 O 2 with a partially X. S. Nguyen, K. D. Ngo Figure 7 . A unit cell of magnetite [33] .
reduced surface pieces according to a Fenton like reaction or conduct reduce-oxidation reactions between redox pairs: 
Conclusion
Based on the reports on magnetite increasing intensity in the literature recently, it can be seen that the introduction of Co, Cr, Ti, Zn and Mn into magnetite structure may strongly promote the Fenton, photo-Fenton degradation of organic contaminants due to a significant promotion of H 2 O 2 decomposition. Moreover, role of metal doping in the most case have been proposed. A possible reaction mechanism suggested for understanding photo-Fenton reaction in the present of metal doped magnetite have discussed in this work. However, reac-tion mechanism with participation of transition metal doping need make clearer by more studies. In particular, how to synthesis metal doped magnetite based materials to meet designed requirements plays a very important role in this field. These new insights are important direction for the controllable synthesis and the environmental application of metal substituted magnetites in the purification of organic contaminant textile wastewater.
